Previous research has shown that physical activity and sedentary behavior are related to learning performance in traditional education. In distance education (DE), however, students are characterized by different features (e.g., age and responsibilities). As a result, DE students often have full schedules and must make choices that traditional students do not. Advice on behavior change is low-cost and easy to implement. Therefore, it is of interest to investigate whether physical activity and sedentary behavior are related to learning performance in DE. In an observational longitudinal study, physical activity and sedentary behavior of 1100 adult DE students were analyzed using multiple regression analysis. Students provided information on physical activity, sedentary behavior and important covariates at the start of their study. Learning performance, measured as study progress, was evaluated after 14 months (i.e., the number of successfully completed modules). Analyses revealed that only sedentary behavior was a significant predictor for study progress. More sedentary behavior was predictive for more learning performance in adults participating in DE. Despite these findings, it is not recommended that students should be more sedentary as health/cognitive benefits following from more physical activity and less sedentary behavior are proven. Instead, future research should focus on which specific sedentary behaviors are responsible for this relation as sedentary behaviors may be differentially associated with learning performance.
Introduction
While physical activity has been shown to have a positive effect on academic achievement in children (Fedewa & Ahn, 2011) , sedentary behavior has been shown to have a negative effect (Tremblay et al., 2011) . These findings account for children in traditional education. However, to our knowledge, there is no research that deals with the relation between physical activity / sedentary behavior and learning performance in adult students participating in distance education (DE) .
This population is important as life expectancies keep rising and the fastest growing population group in most countries is that of older adults (The Netherlands: Centraal Bureau voor de Statistiek, 2014; Worldwide: United Nations, 2012). As a result of both changing policies with respect to retirement age and a rapidly changing knowledge-based economy, people also have to work and learn longer. Although certificates and diplomas usually remain valid for the entire duration of a person's life, the knowledge, skills and competencies needed in one's work change. Thus, there is an increasing need for people to develop their professional knowledge and experience far into adult age (Eurydice, 2011) , often through participation in continuing formal education. An increasingly preferred form of education (both formal and informal) is DE, which allows for the liberty of studying at one's own pace and schedule. Information and Communication Technologies (ICT) and especially the Internet provide useful solutions to reach students that are not able to attend meetings during regular times or are not able to travel for the education they want. DE combines education with ICT and allows students to study at their own pace and schedule.
This study was executed among students of this type of DE, characterized by mainly online learning.
The goal of this study was to evaluate whether their physical activity and/or sedentary behavior were related with their learning performance.
Mechanisms
Different mechanisms may be responsible for the positive effects of physical activity on learning (for a detailed overview see: Barenberg et al., 2011) . Physical activity increases cerebral blood flow, the blood flowing to and through the brain. This, in turn, heightens blood supply, delivering more nutrients (e.g., glucose and oxygen) to the neurons, what may increase their function and as a result possibly enhances learning (Timinkul et al., 2008) .
The release and production of neurotransmitters and neurotrophins (i.e., proteins that promote development, function and survival of neurons) is also a result of physical activity (Winter et al., 2007) . According to van Praag (2009), this release leads to:
• elevated levels of neurogenesis, the process of neuron creation
• higher synaptic plasticity, the process of strengthening or weakening synaptic bonds
• higher spine density, the increase in the occurrence of possible synaptic locations
• angiogenesis, the process of creating new blood vessels from other vessels
• elevated levels of vascular growth factors, increase in factors that enhance blood vessel growth.
These neurophysiological changes are often caused by epigenetic changes (i.e., changes in the accessibility of the DNA enabling or blocking transcription) following physical activity, which lead to a higher transcription and as a result a higher release of these growth factors, neurotransmitters and neurotropic factors.
The ultimate result is an increase in brain plasticity (Kaliman et al., 2011) , a benefit for learning.
Distance education versus traditional education
Participants in this study are students of the Open University of the Netherlands (OUNL). The majority of these students has an age between 25-45, which is congruent with the typical characteristics of a DE student (Latanich, Nonis, & Hudson, 2001 ). These students often have a full-time employment, a partner and children, which is logical as these characteristics are positively associated with age. This also means that their time to study is limited. This is in sharp contrast with traditional education, which is characterized by children and young adolescents, without any of these 'adult' responsibilities and constraints. This means that comparing findings on the relation between physical activity and sedentary behavior on the one hand, and learning performance between traditional and DE on the other is difficult because of differences not only in the educational setting (i.e., face-to-face vs. distance), but also differences in characteristics of the students.
Physical activity
There has been no research carried out dealing with the relation between physical activity and learning performance in DE. Therefore, the literature present on this relation in traditional, face-to-face education is shortly reviewed. Burkhalter and Hillman (2011) state in their review that there is no clear consensus with respect to the relation between physical activity and academic achievement in children noting that the research carried out indicates either a positive relation between physical activity and academic achievement or no relation at all. Thus, research results have been inconclusive. Despite this, physical activity is still regarded as beneficial since time spent on physical activity does not impair academic achievement (Spitzer & Hollmann, 2013) , while it improves health and physical function (Keeley & Fox, 2009 ). Other research suggests that there are possible benefits of physical activity on academic achievement, but this cannot as of yet be firmly concluded (see:
Running Head: PHYSICAL ACTIVITY WITH STUDY PROGRESS 5 Shephard, 1996; Taras, 2005; Tomporowski, Davis, Miller, & Naglieri, 2008) . A more recent, and more comprehensive meta-analysis, executed over 59 studies of which 39 were carried out with an experimental design, revealed a significant and positive effect of physical activity on academic achievement in children, with an effect size of 0.28 (SE=.03) which can be considered to be a small to medium effect (Fedewa & Ahn, 2011) .
In other words, despite a lack of clear consensus it is safe to state that physical activity appears to have a beneficial effect on academic performance in children (see recent reviews of Hillman et al., 2011; Singh, Uijtdewilligen, Twisk, Mechelen, & Chinapaw, 2012) .
Sedentary behavior
The flip-side of physical activity is sedentary behavior. Sedentary behavior can actually be seen as not being physically active. However, recently it is more and more viewed as an independent construct as sedentary behavior is associated with health and demographic variables, independent of physical activity (Rhodes, Mark, & Temmel, 2012) . As was the case earlier, here too, no research has been found concerning the relation between sedentary behavior and learning performance in DE. Analog to the previous section, the available literature on this relation in traditional education is shortly reviewed. A large review study found that there is a negative relation present; the more sedentary behavior exhibited by children, the lower their academic achievement (Tremblay et al., 2011) . In the narrative review of 35 studies, no effect size was reported and no meta-analysis was performed. The majority (i.e., 75%) of the studies reviewed, report that academic achievement may be hampered by what they call more screen time (i.e., watching television, playing video games, and using the computer for non-academic purposes). In interpreting these results, however, it is important to note that 32 of the 35 studies were cross-sectional in nature and academic achievement was measured in different ways (i.e., IQ, school grades, grade point average, performance on standardized tests, and self-report questionnaires) (Tremblay et al., 2011) . The research in this field is in its infancy.
The present study
The present study evaluated the relation between physical activity and sedentary behavior on the one hand, and learning performance on the other, in students of the OUNL, offering formal university-level DE. Study at the OUNL is open to anyone over the age of 18. This study is the first in which the relation between physical activity / sedentary behavior and learning performance -measured as study progress -is investigated in DE.
Based on the literature, we propose two hypotheses:
• Physical activity is positively associated with study progress: more time spent being physically active, or, more intense physical activity leads to better study progress.
• Sedentary behavior is negatively associated with study progress: more time spent not physically active (e.g., sitting) leads to lower study progress.
Methods

Design
Data from this observational study come from the Adult Learning Open University Determinants (ALOUD) study, an investigation of different psychological and biological factors possibly affecting study progress in DE students (Neroni, Gijselaers, Kirschner, & de Groot, 2015) . Data from the biological part of this project are available and stored permanently on DANS EASY, a sustainable platform for archiving research data (Gijselaers, 2015) . Other measures collected in the ALOUD study but not included in this article were biological factors (e.g., sleep, nutrition), cognition, and psychological factors. Physical activity, sedentary behavior and covariates were reported via an online digital survey conducted after registration at the university. Study progress was measured objectively using data from the exam registration office.
Participants
During 1 year (Sept. 2012 -Aug. 2013 ), all new students of the OUNL who signed up for one or more regular bachelor or master course(s) were invited to participate. At the OUNL, students can register and start throughout the year as the education system used is modular and self-paced, open to everyone (with an age of at least 18 years old) and the curriculum is not fixed. The approached population size was 4945, 57.5% of those approached responded (N=2842) and 41.3% of those approached (N=2040) fully participated. Included in the analyses were all participants who fully completed the survey, attempted an exam (see paragraph below), participated within 9 weeks (see section 2.3), did not make a remark that led to exclusion, and had no missing data and were not an outlier (see section 2.5). This led to a final number of 1110 students in the analyses.
Attrition rates in this population are high, as more than 50% of the responders in the investigated population did not successfully complete any course after 14 months. As the goal is to predict study progress, including students without any study progress after 14 months could confound possible relations. However, excluding those without progress is not desirable as they may have studied, but without successfully finishing a course. To make a more valid data selection, an official examination attempt was used as a proxy of having studied. In this way, the high number of students that had bought a course but never attempted to officially finish it or who did not intend to attain course credits (i.e., buying the course purely out of interest) could be excluded.
The information on exam attempts was provided by the exam registration office.
Procedures
Participants were automatically invited to participate via the e-mail system of the university 14-21 days after successful registration. The 7 days range was because a bulk mailing was sent weekly. Students received a reminder two weeks after the initial invitation and one week later a last reminder by e-mail. If after 4 weeks there was no full response recorded, the researchers called the student in which potential participants were asked whether they were still interested in participating (if the student was not reached, the researchers tried again for 3 subsequent weeks). If the response to the phone call was positive, the student received the original invitation again -if needed -and a reminder 6.5 weeks after the initial invitation, which was around 1.5 weeks after the phone call. In case the phone call was made in week 6, the reminder was sent 1 week later. Participants only received reminders or a telephone call if no full response was recorded.
The survey was carried out online in LimeSurvey®, version 1.92+ (LimeSurvey Project Team / Carsten Schmitz, 2012). Full participation cost the participants 45 to 60 minutes on average and it was possible to stop and continue later, allowing participants more room to participate by spreading the time burden. Participants who fully participated could win (5% chance) a gift voucher of €20. The ALOUD study was approved by the ethical review committee of the OUNL (cETO). Each participant signed a digital informed consent form, explicating the use of the personal data gathered, voluntary participation, ability to withdraw at any time, and permission to use the data for the described goals. Participants had to click a check-box to agree with the terms mentioned; a mandatory action to start the survey.
Materials
Dependent and independent measures
The dependent measure was the participants' objective study progress, operationalized as the number of successfully completed study modules in 14 months (i.e., the standard subscription period when registering for a course). A course at the OUNL consists of one or multiple modules. One module is equal to 4.3 European Credits (EC) in the European Credit Transfer System (ECTS). The nominal study load for one module is approximately 120 hours. The information from which the number of modules was derived came directly from the exam registration system of the OUNL. The independent measures were extracted from two separate questionnaires. Physical activity was measured using the Short Questionnaire to ASsess Health-enhancing physical activity (SQUASH). The SQUASH has a reasonable reliability (r = .58) and validity (r = .45) (WendelVos, Schuit, Saris, & Kromhout, 2003) . Physical activity was calculated as a weekly activity score; an accumulated product score of intensity of the activity multiplied by the minutes spent on the activity. This way, the variable corrected for light, moderate, and vigorous activities (Wendel-Vos et al., 2003) . Sedentary behavior was measured using a self-developed questionnaire based on the same design principle as used for questions in the SQUASH. Questions regarded sedentary behavior during work, transportation, leisure time (i.e., on work and free days), and resting. Sedentary behavior was calculated as a total score of minutes of sitting and lying per week.
Covariates
In the online appendix, more information can be found regarding the covariates. The online appendix provides information on how and why these variables were measured, where they originated from and how they were calculated, if relevant. The covariates taken into account were: age; sex; number of working hours per week; expected average of number of study hours per week to be invested; nationality; native language; body mass index; level of education; computer abilities; study motive; study goal; alcohol consumption; and life satisfaction.
Analyses
As expected, the data on the dependent measure (i.e., study progress) revealed a negative binomial distribution.
Because the current study concerns part-time DE, it was expected that most students will attain an average of 2 to 3 modules per year (i.e., based on data from internal year reports). Students either completed no course at all, or, completed one, two, three or four courses. A small proportion of the sample had attained more courses, up to 20. Thus, the distribution of the dependent variable was highly skewed and resembled a negative binomial distribution. Therefore, a negative binomial generalized linear regression was conducted. A P-value below .05 was considered to be significant. Univariate outliers on the variables of interest (i.e., independent variables) were excluded before analyses (i.e., a standardized Z-value higher than the absolute value of 3.29). A covariate model was built including all covariates, after which non-significant predictors were excluded following a backward stepwise method, yielding model A. Then, model B was tested by adding the physical activity and sedentary behavior measures to model A. All analyses were performed with SPSS (version 20; SPSS Inc., Chicago, IL, USA).
Results
Dataset compilation
The original dataset contained 2842 cases. Participants were excluded if they: (1) did not attempt an exam (1236 cases); (2) did not complete the survey (415 cases); (3) did not participate within 9 weeks (32 cases); (4) made a remark at the end of the survey that led to exclusion (1 case); (5) had missing values in the physical activity and sedentary behavior variables (44 cases); and (6) univariate outliers were excluded as mentioned (14 cases). All exclusions mentioned led to a total of 1100 people included in the analyses. Table 1 provides an overview of the descriptives of all the variables, measured at the interval level. Table 2 provides an overview of the dichotomous variables. The assumption of no multicollinearity was met as the correlations between all predictors were low (i.e., below .4). This was also indicated by high tolerances (i.e., above .6; Field, 2009). All predictors (i.e., covariates and independent variables) were included in the evaluation of this assumption. 
Descriptives
Results of the analyses
Chi square comparisons revealed that model A was better than the null model (i.e., an intercept only model; see 
Discussion
The aim of the present study was to examine whether physical activity and sedentary behavior were associated with study progress in DE. Sedentary behavior, but not physical activity, was associated with study progress.
The results indicate that sedentary behavior appears to have a significant relation with study progress in DE, in contrast with the results obtained in traditional education. The findings are discussed separately for physical activity and sedentary behavior.
Because of theoretical underpinned mechanisms (Barenberg et al., 2011) and findings in traditional education (i.e., see reviews of Burkhalter & Hillman, 2011 or Singh et al., 2012 positive associations between physical activity and learning performance were expected in the current study. However, results indicate that physical activity does not significantly contribute to the prediction of learning performance. First of all, it could be possible that physical activity is simply not related to learning performance in DE. However, this seems unlikely, considering the physiological processes that occur following physical activity. Therefore, we compare our population with students participating in traditional education and try to provide possible explanations. The characteristics of the DE students are that they are adult, mainly with an age between 25-45, which is in accordance with previous research describing typical distance students (Latanich et al., 2001) . In sharp contrast with traditional education, DE students often have a full-time employment, a partner and children, which means their study time is limited. Because of these time restraints it could be likely that students being more physically active spend less time studying. This could confound positive effects of physical activity as not enough is learned in the first place, meaning the physiological mechanisms cannot amplify learning as too little is learned in the first place. Furthermore, next to the differences in populations between traditional and DE, there are also differences in educational setting. Most research with children focuses on academic achievement (e.g., grades in a course, standardized test scores, etcetera). However, in the current study, learning performance was evaluated as study progress (i.e., course completion). This could lead to different results as both measures are not only different in terms of outcome, also their generation is highly different. In traditional education, students have fixed educational curricula which is in contrast with the DE investigated here as the curriculum is not fixed and students can choose any study path they prefer. Still, if both outcome measures in traditional and DE represent learning performance, more physical activity should be related to better performance in both populations. That this cannot be concluded, might then be attributable to the totally different characteristics of the two populations.
Sedentary behavior was significantly and positively predictive for learning performance, despite the hypothesized negative relation. It was shown that students with a sedentary behavior measurement of two standard deviations above average tend to achieve roughly a half EC extra over 14 months. Recent research recommends the measurement of specific types of sedentary behavior (Rhodes et al., 2012) . It was shown that different types of sedentary behavior (e.g., working on the computer vs. watching TV) are differentially associated with cognition (Kesse-Guyot et al., 2012), which is an important predictor of learning (Diamond, 2013) . In addition, in traditional education specific sedentary behaviors seem to be detrimental for learning as well, as indicated that sedentary behavior was mostly measured as TV viewing (Tremblay et al., 2011) .
However, research in this area is in its infancy and more research is needed to clarify possible effects or relations of sedentary behavior on or with learning. It seems to be that cognitively active sedentary behaviors (e.g., computer use for learning) have a positive influence, while other -more cognitively passive -sedentary behaviors such as TV viewing are detrimental (Rhodes et al., 2012) . Unfortunately, data in the current study did not provide information on these specific types of sedentary behavior. Here, it was measured as a general total measure for sedentary behavior. This could mean that student who were more sedentary, studied more than students who were less sedentary, which would be logical as students will likely be sitting while studying.
Specific types of sedentary behaviors which are differentially related to study progress in the current study could also counteract each other. This means this finding asks for further research in which different sedentary behaviors are taken into account.
The strengths of the current study are multiple. It is the first of its kind evaluating the relation between physical activity / sedentary behavior and study progress in adults participating in DE. A second aspect is that this study used a large sample providing a high power and decreasing the risk of contracting a type-1 error. Last, multiple possible confounders were controlled for, ruling out possible spurious relations. This study has also limitations. First of all, these results must be interpreted with caution as its observational design does not allow for causal inferences. Second, correctly measuring physical activity via self-administered questionnaires is an often debated topic in terms of reliability and validity (e.g., Helmerhorst, Brage, Warren, Besson, & Ekelund, 2012) . Research often shows a discrepancy between objectively and subjectively measured physical activity and/or sedentary behavior, especially in adolescents. However, in adults, a study by Slootmaker, Schuit, Chinapaw, Seidell, & Van Mechelen (2009) using the SQUASH found reasonably good agreement. The questionnaire used in the current study highly resembles the one used by Slootmaker and colleagues (2009) as it is a modified version of the SQUASH (Wendel-Vos et al., 2003) , including sedentary questions based on the principle of the SQUASH questions. Third, study progress is a fairly large-grained measure, but the best one available to measure learning performance, as grades were not possible to use because a significant number of courses were evaluated with a pass/fail and not with a grade. Furthermore, comparing students based on achieved credits is most reliable considering the non-fixed and modular form of education given at the OUNL.
Fourth, participants had a broad time frame (i.e., 9 weeks) to participate, possibly leading to between-subject differences as some students did not yet start studying, while other were already ending their course. Last, participation took approximately 60 minutes and since participants could participate at their own pace (i.e., stop and return later) this could lead to some distortion. However, the last two points were tackled by the large dataset largely eliminating these possibly confounding factors.
We recommend future studies to replicate these findings. Concerning physical activity, we recommend future studies to control for actual study time to investigate the alternative explanation given here that physiological benefits of more physical activity are counteracted by spending less time studying. Last, concerning sedentary behavior, we recommend future studies to focus on specific sedentary behaviors to evaluate whether those are differentially related to learning.
Conclusion
Sedentary behavior, but not physical activity, was associated with study progress. The results indicate that sedentary behavior appears to have a positive relation with study progress in DE, in contrast with the results obtained in traditional education. It is, however, unclear which type of sedentary behaviors are responsible for this relation. Important to note is that the results obtained here are applicable to adults. These results are new as there has been no research focusing on this relation in DE. The adult students served by this educational type are an increasingly important group due to their increased preference for this type of education because of the flexibility and the need for knowledge development in society and lengthening of employment age, demanding lifelong learning. It is not recommended that student should be more sedentary as research in general shows health and cognitive benefits for physical activity (Hillman, Erickson, & Kramer, 2008) and detriments for sedentary behavior (Rhodes et al., 2012) . Taking these considerations into account, it is recommendedespecially with regard to teachers and programs in DE -that students to pay attention to healthy behavior with regard to physical activity and sedentary behavior. Instead, future research should focus on which type of sedentary behaviors are related to better learning performance to clarify this relation.
Online appendix
The covariates measured in this study are explained in more detail in this appendix. In case English questionnaires were used, items were translated from English into Dutch by a native Dutch speaker. To make sure the translation was correct, the items were translated back by a bilingual English/Dutch-speaking person.
Adjustments were made where necessary. The list below provides information on the covariates, how and why they were measured, were they originated from and how they were calculated, if relevant. The variables are:
• Age was measured as memory performance declines with increasing age (Grady & Craik, 2000) , possibly hampering learning efficiency. It was measured using the reported date of birth and was calculated in years (i.e., not rounded to integers).
• Sex was measured as sex differences in intelligence (e.g. on the domains of memory, reasoning and science) have been found which could influence study progress. There are intellectual domains where males excel females (e.g., spatial reasoning) and vice versa (e.g., verbal fluency) (Halpern, 1997) .
• Number of working hours/week was measured as more working hours could lead to less study-time and consequently less study progress (Eppler & Harju, 1997) . However, research has also found that workers with fewer than 20 work hours/week perform more poorly than their counterparts working more (Taplin & Jegede, 2001 ). It was calculated by adding the hours spent on work (i.e., either from wage labor or as an independent entrepreneur) and volunteering together.
• Expected average of number of study hours/week to be invested was measured as more time invested is likely to lead to better results (Bernt & Bugbee, 1993) . This was reported in hours by the participants.
• Nationality was measured as education is not 'culture free' and as such non-Dutch people could have more difficulties with the more cultural elements in the educational system. It was measured by asking whether the participant was Dutch. If not, the participant could enter his or hers nationality. These nationalities were inspected and if necessary recoded (e.g., some participants entered a region of the Netherlands as their nationality, which was recoded into Dutch). Finally, one variable indicated whether the participant was Dutch or not.
• Native language was measured as non-Dutch speakers could have more difficulties with the language of study. It was measured by asking whether the participants' native language was Dutch. If not, the participant could enter his or hers native language. These manually entered data were inspected and if necessary recoded (e.g., some participants entered a regional Dutch dialect as their native language,
